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Compton's 'Crucial Test' - Theoretical 
Preconceptions and Experimental Interpretation 
ROGER H . STUEWER' 
ABSTRACT - Arthur Holly Compton, as a result of his own research and confidence in 
the validity of classical electrodynamics, was convinced in 1921 that homogeneous x-rays 
and gamma rays could be affected in only two possible ways when passing through 
matter: either they gave rise to "truly scattered" radiation of the same wavelength as 
that of the incident rays, or they excited "fluorescent" radiation of a longer wavelength. 
When Compton was led to carry out experim~nts using homogeneous x-rays and actually 
found secondary radiation of longer wavelength, he regarded his result as a crucial test 
between the "truly scattered" and the "fluorescent" radiation hypotheses and concluded 
that the latter was correct. More than a year later, late in 1922, Compton realized that 
he had found the strongest contemporary evidence for the quantum theory of radiation. 
Of all the predictions of' the quantum theory of 
scattering, the Compton effect, the best known is that the 
incident radiation undergoes an increase of wavelength in 
the scattering process. Thus , an x-ray or gamma-ray particle 
of light called a "photon'' collides with an electron in a 
substance, loses some energy lo the electron, and emerges 
with decreased energy. The energy of a photon is inversely 
proportional to its wavelength, and therefore the wave-
length of the secondary or scattered photon will be longer 
than that of the primary photon. In x-ray jargon, the photon 
has become less penetrating or softer. The exact magnitude 
oC the increase in wavelength, which depends upon the 
angle through which the photon is scattered, is obtained by 
analyzing the photon - electron collision in detail, by 
setting up the equations describing conservation of energy 
and const:rvation or momentum_ 
That is precisely what Arthur Holly Cl)mpton did in 
December, 1922 . But Compton's achievement, for which he 
was awarded the Nobel Prize, was by no means a brief 
forray into the study of scattering. It represented the 
culmination of no less th3n five years of probing and 
attempting to fit the observed facts into the well-established 
theoretical structure of classical electrodynamics. Every one 
of the observations , including the one just mentioned , was 
known to physicists , qualitatively at least , a decade before 
1922, and, Compton himself carried out a 11L1mber of 
important gamma-ray and x-ray experiments. 
Yet, during the years following 1905 when Einstein 
proposed the quantum theory of radiation, Einstein hi m-
self was virtually the on ly physic ist who placed some fai th 
in it. Compton and most others believed classical electo-
dynamics to be universally valid , thus consistent ly missi ng 
the fundamental significance of the observations. Compton 
even undertook one experiment in 1 921 to con ft rm his 
misinterpretation and regarded it as a "crucial test. " To 
understand the significance of this experiment in the con-
text of Compton's thought at that time , it is necessary to 
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examine historically the theoretical preconceptions that 
Compton brought to it_ 
Pre - 1921 Developments 
Arthur Compton received his Ph. D. degree from 
Princeton in 19 16, and spent the 1916-19 17 academic ye;;: 
at the University of Minnesota as Instructor in Physics. He 
then took a po ition as a Research Engineer at the newly 
established Westinghouse Research Laboratory in Pittsburgh, 
remaining until 1919. 
At that time the accepted theory of scattering w s the 
1903 Theory of J.J . T homson , he had discovered the 
electron. The pic ture that Thomson developed into a 
quantitative theory was the foll owing. The incident elec tro-
magnetic radiation was assumed to stimulate the electrons 
in a substance, se tt.ing them into oscillation , and thereby 
causing them to re-radiate the inciden t radi ti 11. The 
essential feaLUies of Thomson's theory are twofold: first, 
the scattered or secondary radiation is symmetrically 
distributed in space, and secondly, its wavelength is 
identical to that of the primary radiation . The only 
difference between the two radiations is that the secondary 
is not a intense as the primary , a measure of thi reduction 
in intensi ty being a quantity called the T homson mass 
scattering coefficient. 
Thomson's theory re ·eived its most substantial support 
from a se ies of clas ie x-ray scatte ring experi ments carried 
out in 1905 -1906 by C.G . Barkla, a form r student of 
Thomson's. Oddly enough , it was also an obse rvat ion made 
by Bark.la that first led physicists to question Thomson's 
theory . Thus, eleven years late r, in 19 l 7, Barkla foun d that 
fo r certain x-rays the observed mass scattering coefficient 
dipped below the Thomson - predicted value, which was 
supposed to b an absolu te minimum. This observat ion 
provided the direct stimulus for Arthur Compton to turn 
his atten tion to scattering theory. Compton read Bark.la's 
paper while at Wes tinghouse and she said, was "troubled" 
by Bark.la's observat i n. Much lat r Compt on caJled it an 
observa tion "compara le in im portance to the Miche lson -
Morley experiment." 
But how did Compton in 19 17 explain Bark.la's obser-
vati n? St rictly on the basis of classic , electrodynamics. For 
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he saw that the well known phenomenon of diffraction 
could result in precisely such a reduction in intensity as had 
been observed by Bar kl a. The only requiremen I was that 
the diameter of the diffracting obstacle should be roughly 
the same size as the wavelength of the incident radiation . 
Compton therefore concluded that the obstacle, the scat-
tering electron, had a diameter roughly as large as the 
wavelength of x-rays . T his meant, by comparison, that 
Compton's electron had a diameter about one-tenth the 
diameter of the whole atom -- it was, indeed a "large 
electron." Moreover, Compton discovered on other con-
siderations that it had to be ring-shaped. 
Compton was able to base a remarkably successful 
theory of scattering on his large ring electron hypothesis. It 
not only quantitatively accounted for the reduction in 
intensity observed by Barkla. It also proved to be consis-
tent with two other facts that were left unexplained since at 
least 1910 by Thomson's theory. The first of these was that 
more secondary radiation had been observed to be emitted 
in the forward direction than in the backward direction. As 
mentioned earlier, Thomson's Theory predicted a perfectly 
symmetrical distribution, The second and far more serious 
observation that contradicted Thomson's theory was that 
the secondary radiation was less penetrating than the pri-
mary. Compton found that his large ring electron would 
scatter the less penetrating or softer primary components 
backward to a greater extent than the more penetrating or 
harder primary components. The back-scattered secondary 
radiation would therefore be diluted, so to speak, with the 
less penetrating primary components and would appear 
softer -- exactly as observed. 
But this explanation depended entirely on the implicit 
assumption that there actually were components of differ-
ent wavelengths present in the primary beam. Compton 
insisted that if the primary radiation were strictly homo-
geneous, that is, if it consisted of only a single wavelength, 
the secondary radiation could not selectively scatter many 
different components, and hence the secondary radiation 
necessarily had to be of the same wavelength as the primary. 
In this case, it did not matter at all if the electron were 
large and ring-shaped or essentially a point, as Thomson had 
assumed from the very beginning. This would soon become 
of vital importance. 
Compton formulated his large ring electron scattering 
theory while at Westinghouse. In the course of his two 
years there as a research engineer, he came to understand 
that his deepest interests were not in finding applications 
for the results of research, but rather in basic research it-
self. He then also realized that he could no longer remain at 
an industrial laboratory but had to seek an academic 
environment and applied for a National Research Council 
Fellowship. This provided only enough money for one-half 
year, but Compton nevertheless eagerly accepted the award 
and with his family sailed for England. He wanted to work 
under the man he regarded throughout his life to be the 
greatest expe rin1en talist of the century, Ernest Rutherford. 
Later Compton said , ''The famed Cavendish Laboratory at 
Cambridge University was to me simply the place where he 
was stationed, so 1 went there ." 
Journal o_f Vulume Forty-three, 19 77 
The most important result discovered by Compton 
during his year at utherford's Laboratory dealt precisely 
with the point mentioned previously . He discovered that 
essentially homogeneous ( single wavelength) primary 
gamma-rays when incident on a metal plate, produce 
longer wavelength secondary gamma-rays. He therefore 
found that even homogeneous gamma-rays are softened 
when they pass through substance! This could not be 
accounted for by his hypothesis of ring electron scattering. 
How was it to be explained? The only secondary radiations 
known to Compton that were of a longer wavelength than 
the primary were the usual x-ray fluorescent radia lions. 
These were the Kand L characteristic fluorescent radiations 
discovered in 1908, agian by C .G . Barkla, who, incidentally , 
won the Nobel Prize for that discovery. With Barkla's 
discovery in mind, Compton concluded that the observed 
longer wavelength secondary gamma-rays were actually 
fluorescent radiations excited in the substance. That 
conclusion established a sharp dichotomy m Compton's 
mind, and it was retained for three years. 
In effect, Compton set up a criterion to distinquish 
between the secondary radiation of unchanged wavelength 
and that of increased wavelength . The former here regarded 
as "truly scattered" radiation and the latter as "fluorescent" 
radiation. The ultimate basis for this criterion, of course, 
was classical electrodynamics and Thomson's theory of 
scattering, which unequivocally implied that the "truly 
scattered" radiation was of the same wavelength as the 
primary. 
At this time, however, Compton thought that he might 
have made an important new discovery. Accordingly he 
investigated the properties of this "fluorescent" gamma-
radiation with experiments designed to determine whether 
this "fluorescent" gamma-radiation behaved like the usu al 
characteristic fluorescent x-radiation. They were designed 
to determine, therefore , if it was characteristic of the 
radiation emmitted uniformly in all direct ions and of the 
same penetrability or quality in all directions. Compt on 
concluded: 
Although the secondary gamma radiation under 
seems, without doubt, to be fluorescent in nature, 
it differs in several important respects from the 
characteristics fluorescent K and L radiations 
excited in matter when traversed by hard x-rays. 
In the first place, whereas these characteristic 
radiations differ greatly in hardness from element 
to element, the secondary gamma rays, especially 
at small angles with the incident beam, are of 
nearly the same hardness over a wide range of 
atomic numbers. And in the second place, while 
the characteristic radiations are found to be 
distributed unifonnally with regard to intensity and 
quality at all angles with the primary beam, the 
fluorescent gamma rays show marked asymmetry 
in both quantity and quality in the forward and 
reverse directions. 
The properties of his newly discovered "fluorescent" 
gamma-radiation were therefore rat her extrordinary. They 
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differed from those of the usual x-ray fluorescent radiations 
on every point of comparison. 
It occurred to Compton that the remarkable properties 
might be unique to the fluorescent radiation excited by 
gamma-rays. Could x-rays also excite it? Compton decided 
to test this point shortly after he returned to the United 
States, where he had accepted a position at Washington 
University in St. Louis, By a most significant experimental 
innovation in the spring of 1921, Compton produced homo-
geneous x-rays by reflecting a beam of x-rays from the 
crystal of a Bragg spectrometer. It was the first time since 
1917 that he had used this instrument, and subsequently it 
became his most important experimental tool. 
But did homogeneuos x-rays excite the unusual fluore-
scent radiation? Compton found, as he wrote, an effect 
identical in character with that observed with gamma rays, 
but not so prominent. If Compton did not expect this result, 
his surprise was no doubt compounded when a short time 
later he found that the unusual fluorescent x-radiation was 
completely polarized - another propcrtx not shared with the 
usual characteristic fluorescent x-radiations. 
By the fall of 1921, therefore, Compton had himself 
experimentally isolated two different types of radiation in 
the secondary beam. He distinguished between these two 
types on the basis of a criterion that ultimately derived 
from Thomson's classical theory of scattering. "Truly 
scattered" radiation was that secondary radiation of the 
same wavelength as the primary; "fluorescent" radiation was 
that secondary radiation of a longer wavelength than the 
primary. This latter radiation included the usual character-
istic x-radiations and the highly unusual gamma-ray and x-
ray "fluorescent" radiation that Compton himself had 
recently discovered. 
Compton's "crucial test" 
At that point in the development of Compton's thought, 
certain experimental results were published that seemed to 
directly challenge the "fluorescent radiation" explanation 
of the secondary radiation of increased wavelength. To 
understand this challenge and Compton's response to it, it is 
necessary to examine certain theoretical ideas that had been 
published in 1920 by J.A. Gray of McGill University. 
Gray was one of the two physicists -- the other being an 
Englishman named D.C.H. Florence -- who insisted that x-
rays in passing through a substance were actually modified 
so as to make them softer or less penetrating. The arguments 
were based on experiments that the two had carried out 
individually between 1910 and I 914. But neither had at 
that time attempted to specify a mechanism that would 
actually produce this modification of the incident radiation. 
In 1920 Gray attempted to remedy this defect, by proposing 
that physicists should examine the consequences of assum-
ing that the primary x-rays were not long trains of electo-
magnetic waves but instead short electromagnetic pulses. 
This idea was in fact an old one, having been proposed 
independently by G.G. Stokes and E. Wiechert shortly after 
x-rays were discovered in 1895. It was not until 1920, 
however, that Gray realized that the approach might 
provide insight into the scattering process . For, Gray 
argued, if one pulse of a given thickness struck one electron 
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in the scattering substance and another identical pulse 
struck a second electron, these two pulses would in general 
combine subsequently to form a resultant pulse that would 
be thicker or broader than either of the original pulses. 
Since the resultant or secondary pulse would be thicker than 
the primary pulses it also would be less penetrating or 
softer -- exactly as observed. 
There was, however, no doubt whatsoever in Gray's mind 
that if the generally accepted picture were correct, that is, 
if x-rays were actually long trains of waves of a single wave-
length, the scattering process could produce no change in 
their wavelength. 
Compton, of course, agreed with Gray on this point --
but he had one very important reservation. He believed that 
homogeneous or single wavelength x-rays could in one way 
give rise to a longer wavelength secondary radiation -- by 
exciting the unusual "fluorescent" radiation he had dis-
covered. This distinction led Compton to a natural con-
clusion, which he expressed as follows: 
"On Gray's view, of x-rays reflected from a 
crystal ( that is to say, if homogeneous x-rays) were 
allowed to traverse a radiator, the incident and the 
excited rays should both have the same wave-
length and the same absorption coefficient. If, on 
the other hand, the softening is due to the excita-
tion of fluorescent rays, as I had suggested, re-
flected (or homo) x-rays should presumably be 
softened by scattering in the same manner as un-
reflected (or inhomogeneous) x-rays. An examina-
tion of the absorption coefficient of reflected x-
rays before and after they have been scattered 
should therefore afford a crucial test of the two 
hypotheses." 
To Compton, therefore, what he suggested was no 
ordinary experiment. It was a "crucial test of the two 
hypotheses." In Newton's terminology, it was an experi-
mentum crucis. 
Now it is a fact that when Gray published his pulse 
theoretical ideas in I 920 Compton paid no attention to 
them. Actually, he had a very good reason for this attitude. 
D.L. Webster several years earlier had pointed out that the 
pulse theory of x-rays was fundamentally incompatible 
with what was known as the Duane-Hunt Law. The essence 
of this empirically established result was that the accele-
rating voltage of an x-ray tube was directly proportional to 
the maximum frequency of the emitted x-rays. In other 
words, for a given tube voltage no x-rays whose frequency 
was above a certain maximum frequency could be produced 
by the tube. Webster argued that this frequency cut-off was 
basically inconsistent with the pulse theory. For by Fourier 
analyzing a pulse, it is easy to see that all frequencies be-
tween minus infinity and plus infinity should be present in 
it. Compton was impressed with the cogency of Webster's 
argument and accepted it. Thus, to Compton, Gray's whole 
theory of scattering was without support. 
It is therefore not difficult to imagine Compton's sur-
prise when in September 1921 an experiment was described 
in the Philosophical Magazine which apparently supported 
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Gray's theory . Compton's experimentum crucis had already 
been performed -- but with disasterous results for Compton's 
hypothesis. S.J. Plimpton of the Worcester Polytechnic 
Institute found that crystal reflected or homogeneous 
primary x-rays produced secondary x-rays of the same wave-
length only . His results he said, "were reproducible to 
about one per cent." 
Cumpton 's surprise when he read this result so stirred 
him that when he rushed back to his laboratory at Washing-
ton University he was not quite sure of the date: his 
laboratory notebook is headed "About Oct. 10, 1921." 
The first thing that Compton did was to determine 
roughly if Plimpton's results were correct. After two days of 
work , he had an answer, writing in his laboratory notebook: 
"Secondary rays softer than primary." For some reason, 
P!impton's experimental results were in error. On close 
examination , Compton discovered that the particular experi-
mental arrangement used by Plimpton was the one least 
likely to show the change in penetrability of the primary 
rays. There was no question in Compton's mind as to what 
it all meant : "The conclusion seems necessary," he wrote, 
"that the softening of secondary x-rays is due, not to the 
process of sca ttering, but to the excitation o f a fluorescent 
radiation in the radiator." In repeating the .l<.l.(P.erimentum 
crucis , therefore, Compton found that it decided the issue 
in favor of his hypothesis and not Gray's . 
Interpretation upholds preconception 
Taking everything together , we see that the theoretical 
preconceptions Arthur Compton brought to his "crucial 
test" completely determined his interpretation of it. Comp-
ton was convinced that the only way in which homogeneous 
primary radiation could produce a softer secondary radi-
ation was to excite in the radiator a longer wavelength 
fluorescent radiation. He held this conviction in spite of the 
fact that the properties of this radiation , as he himself had 
experimentally determined, were completely different --
even diametrically opposed -- to those of the well known 
characteristic fluorescent x-radiations . 
J .A. Gray had proposed an alternative explanation. He 
had argued that the primary radiation, supposed to consist 
of pulses, was modified in the scattering process so as to 
make it less penetrating or softer. Compton, since he knew 
of no other explanations for the softening, regarded Gray's 
as the only possible alternative. Hence, he believed a "crucial 
test" to be possible to decide between these two hypothesis. 
We now realize that Compton's " crucial test" did indeed 
disprove Gray 's hypothesis but could not and did not rule 
out the possiblity of a third , ye t unknown, explanation. 
In this care ful analysis of Compton's 192 1 experiment, we 
must no t I 1sc sight of the his torical fac t that Compton was 
at th is time one of the very few physicists who were at all 
concerned with scattering theory . Most physicists felt that 
Thomson's theory, and with it classkal electrodynamics, 
held the key to the complete understanding o f the observa-
tions. The single exception to this statement, as revealed 
by a re cent interview , seems to have been Peter Debye, then 
at the Techiachc Hochschule in Zurich. 
Debye actually carried out the calculation for the change 
in wave length a full two years be fo re Compton. Yet, to 
Debye, this was a purely theoretical ca lculation -- simply an 
attempt to see what might be pred icted in the remote chance 
that there might be some substance to Einstein's quantum 
theory of radiation. Dcbye placed so little emphasis on his 
result that he did not publish it at that time or initiate any 
experiments to test it. 
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In complete contrast to De bye and the way in which he 
briefly adopted Einstein's theoretical views, Compton's 
thought evolved slowly and uninfluenced by Einstein's 
work. Not once did Compton mention or refer to Einstein. 
It is therefore appropriate to conclude by ascertaining how 
far Compton's ideas had progressed by the fall of I 921. 
Perhaps most reveahng in this matter is the following 
circumstanc~. From the observed absorption coefficients of 
the primary and seconda~y x-rays, it is possible to determine 
graphically the differens;~ in wavelength between these rays. 
On the same pages of the laboratory notebook in which 
Compton recorded the results of his "crucial test" . he made 
precisely that det~rmination: He found that x-rays scattered 
through 83 degrees were in~reased in wavelength by .044 
Angstroms. This figure is now known to be somewhat too 
large, but th~t is unimport_ant for our purposes. What is 
important is that Compton completely missed the funda-
mental significance of his own calculation. His interest in 
carrying it out was to convince himself that the homo-
geneous x-rays he had used in his experiment were increased 
in wavelength by roughly the same amount as the rather 
inhomogeneous x-rays that had been used in certa.in other 
experiments. That is to say, Compton merely convinced 
himself that both homogeneous and inhomogeneous pri-
mary rays could excite the same type of unusual secondary 
"fluorescent" x-radiation. For Compton, it would still 
involve a number of new insights based on roughly one more 
year of experimental work before he would understand 
that this change in wavelength offered the strongest con-
temporary evidence for the quantum theory of radiation. 
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